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Rhenium(VII) has been separated from molybdenum(VI) and
other metal ions by complexation with hexamine in hydrochloric
acid solution in the presence of a reductant, extracting the com-
plex thus formed into tribenzylamine-chloroforru. The method is
free from the interference from Mo(VI), W(VI), U(VI), Cr(III, VI),
V(V), Fe(II), Co(II), Ni(JI), Mn(lI) and Pd(JI).
A large number of high molecular weight amines I- (,
have been employed to study the extraction of metal
ions from aqueous solution containing complex-
forming anionic ligands. The extraction equilibria in
these systems are generally complicated and, there-
fore, a systematic description of their extraction be-
haviour in most cases is very difficult. As both the li-
gand and the extractant are weak electrolytes in such
systems 7, the equilibria are dependent on the pH, the
complex-forming ligand, and the nature of the ex-
tractant. Also, in most studies, basic extractantss "!"
have been recommended for the extraction of metal
ions in acid solutions, and thus the amines are present
in the salt form in the organic phase. Extraction with
these basic extractants isquite different from that with
free amines.
In order to further understand the usefulness ofthis
phenomenon, hexamethylenetetramine (hexamine)
is proposed as a new cornplexing agent for rhenium in
acid medium, and the extraction possibilities have
been studied using tribenzylamine (TBA) as the ex-
tractant in a non-polar solvent.
A stock solution of rhenium was prepared by dis-
solving 155.4 mg KRe04 (spectroscopically pure,
Johnson and Matthey) in 100 ml water containing a
few drops of dilute H2S04• Solutions of lower con-
centrations were prepared by suitable dilutions. Solu-
tions of other metal ions were prepared using their
commonly available salts of CP or AR grade.
Hexamine solution (3%) was obtained by dissolv-
ing 3 g of the reagent in 100 ml distilled water. Hydra-
zinc sulphate (BDH, AR) and tribcnzylarninc, TBA
(Fluka, extra pure, <)<)0/c,) were used without further
purification.
Chloroform (SOH) was fractionally distilled and
the fraction collected between 5<) and 610 was used.
Procedure
A solution containing upto 100 I-tgRe and/or other
ions was adjusted so as to contain 1.4-1.65 MHCI; re-
duction w.as carried out with 150-250 mg of hydra-
zine sulphate by boiling for 4 min. To the hot solution,
1.5-2.5 ml of 3% hexamine were added. The solution
was again boiled for 2 min, cooled and the volume
made upto 20 ml in a 100 ml separatory funnel. The
complex was extracted with an equal volume of 4%
tribenzylarnine in chloroform (TBACHCI,) thrice,
equilibrating for 3 min each time. The combined ex-
tracts containing rhenium were distilled to remove
chloroform. The residue obtained was oxidized with
H202 by boilingin alkaline solution. As itwas not pos-
sible to remove H202 completely under alkaline solu-
tions I\ the solution was made acidic and the excess
was boiled off. It was cooled, filtered to remove any
suspended impurity, and the solution was taken for
the determination of rhenium.
When molybdenum was present in the sample, so-
dium tartrate (100 mg) was also added to the aqueous
solution initially.
Determination of the elements
Microgram amounts of rhenium were determined
by the commonly used thiocyanate-stannous chlo-
ride method colorimetrically'?", Molybdenum (~5
mg) was determined by oxinate method 17, while its
microamounts were determined colorimetrically Inl>.
The presence or absence of other elements was tested
by sensitive conventional methods IX.
Mo(VI) gets reduced to Mo(V) with hydrazine
sulphate in HCI medium, but Re(VII) docs not. How-
ever, the latter forms a colourless complex with hexa-
mine, which is extractable into tribenzylamine in
chloroform, whereas pentavalent molybdenum docs
not form any extractable complex with the reagent.
The influence of various parameters on the extraction
of rhenium-hexamine complex is discussed below:
In neutral medium, the extraction of rhenium is on-
ly 5% with TBACHCI" which increases consider-
ably under acidic conditions. At 1M HCI, it is 80%
and in the acid range 1.4-1.65 M, it is maximum and
remains constant at 87%. For acidities ~ 1.75M, it
starts decreasing. Hence 1.4-1.65M HCI is the re-
commended acid concentration for optimum extrac-
tion (Table 1).
Chloroform alone docs not extract the Re-complex
at all. On extraction with O.S% TSA in chloroform
(used as a diluent), 45% of rhenium is transferred to
NOTES
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Table l-Effect of Various Parameters on the Extraction of Rhenium-Hexamine Complex
o 1.00 1.25 1.40 1.50 1.65 1.75 2.00 2.50
5 80 85 87 87 87 85 83 80
Hexamine,b'(3%) mls 0 0.5 1.0 1.25 1.50 1.75 2.0 2.5 3.0 4.0
% extraction 70 80 83 85 87 87 87 87 83 78
Tribenzylamine" ,(%) 0 0.5 1.0 2.0 3.0 4.0 4.5 5.0
% extraction 0 45 60 87 90 95 95 95
Equilibration tirne'v'(min] 2 3 4 5
% extraction 75 80 95 95 95
Conditions: (a) Re = 100 ug, hydrazine sulphate = 150 mg, reduction at = 1.5MHCI, reduction tim.e= 4 min,.hexamine 3% = ~mI, boil-
ing time = 2 min, aqueous volume = solvent volume = 20 ml, solvent = .2% TBA-CHC'-l, shaking time = 3 rrun, No. of extractions = 1.
(b) HCI = 1.5 M; other conditions are the same as in (a) except hexarm~e. .
(c) Hexamine = 1.5 ml; other conditions are the same as in (b) except tnbe.nzylamme. . . . .
(d) Tribenzylamine in chloroform = 4%; other conditions are the same as m (c) except equilibration time.
Initial conditions as under (a) and subsequent ones for the rest.
the solvent. With increasing concentration of TBA,
the extraction also increases. The extraction reaches a
maximum of 95% with 4- 5% of the extractant (Table
1).
Equilibrating once for 1 min gives an extraction of
75% which goes upto 95% for 3-5 min contact time
(Table 1).
Mo(VI) too forms an extractable complex with hex-
amine under similar conditions as used for Re(VII),
and, hence, its reduction to Mo(V) is necessary to
minimize its extractability along with rhenium into
the organic solvent (TBA-CHCI3). For quantitative
reduction of molybdenum, boiling with 150-250 mg
of hydrazine.sulphate for 4 min at I-2M HCl is re-
quired. Since most of the metal ions are either not ex-
tracted or much less extracted in their lower oxidation
states, the reduction step is generally preferred to
make the method quite selective,
After reduction with hydrazine sulphate, hexamine
is added to the hot solution and the solution is again
hoiled for 2 min for complete formation of Re-corn-
lex. With 0.5 ml of 3% hexamine, the extraction of
rhenium is 8()o;~),which increases to 87% for 1.5-2.5
ml of the reagent and, thereafter, shows a downward
trend. Therefore, 1.5-2.5 ml ofthe reagent is required
for optimum extraction (Table 1).
It is evident from the above data that for ~ 100 I-Lg
Re and other metal ions the optimum conditions are
1.4-1.65 M HCl, reduction with 150-250 mg hydra-
zine sulphate, 1.5-2.5 ml of 3% hexamine, boiling for
2 min, final aq. vol. = 20 ml, extraction with an equal
volume of 4'1., TBA in CHCI, thrice, equilibrating
each time for 3 min.
I:jfect of diverse ions
Chloride (5 mg/ml), sulphate (5 mg/ml), tartrate (5
mg/rnl), fluoride (5 mg/ml), and EDTA(5 mg/ml) do
not affect the extraction, whereas phosphate (5 mg/
ml), acetate (5 mg/ml) and citrate (5 mg/ml) decrease
it by 2, 3 and 5% respectively. Cr(VI) (0.5 mg/rnl),
W(VI)(0.5 mg/rnl), Co(II)(0.5 mg/rnl), Fe(II)(0.5 mg/
ml), Ni(1l)(0.5 mg/rnl), U(VI)(0.25 mg/rnl), V(V)(O.2
mg/rnl), Cr(Ill) (0.2 mg/rnl), Mn(II) (0.1 mg/ml) and
Pd(II) (5 ug/rnl) are not at all extracted and hence do
not interfere in the extraction of rhenium. Higher
amounts of these ions were not tried. Mo(VI) (0.5 mg/
ml) is extracted very slightly (0.1%) after reduction
with hydrazine sulphate, which is fully suppressed by
adding 100 mg of sodium tartrate to the aqueous solu-
tion in the beginning. Cu( II) (0.5 mg/ml) and Ru(III)( 5
ug/ml) interfere slightly.
Re: hexamine ratio
The ratio of metal to ligand in aqueous solution,
where only one complex is formed between perrhen-
ate and hexamine in a single phase, was determined by
conductometric titrations IYat two different equimo-
lar concentrations of the metal ion and the ligand
(0.004M, 0.005M). The graph plotted between con-
ductance corresponding to different hexamine con-
tents, indicates the metal to ligand ratio as 1:4. TBA
(tribenzylamine) functions as [N(C(,H"CH2l..H]+ ca-
tion in acid solution forming an ion-association com-
plex with the anionic complex of ReO; and hexa-
mine, [Re04(Cr,HI2N4)4t. Thus, the complex which
gets extracted into chloroform has the probable com-
position, [N(C6H5CH2hH]+ .[Re04(C6HI2N4)4]-'
Applications
The method is quite simple and rapid. It separates
rhenium from a large number of analytically import-
ant clements, namely, U(Vl), V(V), W(VI), Co(II),
89
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Table 2-Analysis of Synthetic Sample Mixtures by the
Proposed Method
SI.
No.
Sample Composition Refound
( lAg)
Matrix" Re added
( ug)
100
90
60
30
50
28
70
101
92
60.5
28.7
50
27
69.5
Mo(5)t
Mo(lO)t
V(3)
W(5)
[Mo(2), V(4), W(3)]t
Mn(2), Co(2), Fe(4), W(3), U(l)
V(2), U(3), W(1), Cr(2)
Co(7), Fe(5), Ni( 10), Cr(2),
W(3), U( I) 60 60.5
9 Pd(0.07) 17 18.0
* Number in parentheses indicates the amount of the element in
mg.
t 100 mg of tartrate were added to the aqueous solution prior to
the addition of acid.
I
2
3
4
5
6
7
8
Cr(VI, Ill), Fe(II), Ni(II), Mo(VI) (in presence of tartr-
ate), Mn(lI) and Pd(II), which seriously interfere in
most of the existing methods of its determination 18.20.
The usefulness ofthe method was tested by analysing
several synthetic mixtures of rhenium with other ions.
The results obtained are quite in agreement with the
amount of the metal ion taken initially (Table 2).
We are grateful to Prof. V.Yatirajam for helpful sug-
gestions and criticism. Our sincere thanks are due to
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